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1
SCAN TESTING WITH STAGGERED CLOCKS

BACKGROUND

1. Field

This disclosure relates generally to scan testing, and more
specifically, to scan testing with staggered clock.

2. Related Art

Scan testing of a system on a chip (SoC) is commonly used
to perform at-speed transition pattern based testing. Elec-
tronic design automation (EDA) tools use Automatic Test
Pattern Generation (ATPG) to generate and provide scan pat-
terns to scan chains of on SoC. For scan testing, scan patterns
are shifted into scan chains during a shift phase in which a
shift clock is used to control the shifting of the scan chains,
and a capture clock is used for at-speed transition testing
during capture phases. Within an SoC, each core may have
any number of scan chains. The capture clock in each core is
controlled by a corresponding capture clock control chain.
Scan testing for SoCs has been improved by the reuse of
generated scan patterns at the core level. For example, mul-
tiple cores on an SoC may reuse the same scan patterns.
However, for at-speed transition pattern based testing, there
can be a current-resistance (IR) drop issue during the capture
phases ofthe scan testing when multiple cores are scan tested
in parallel and the capture clocks are aligned.

One solution to the IR issues for parallel scan testing of
multiple cores is to use different test pattern data controlling
the capture clocks to reduce their alignment. However, the
need for different test pattern data for controlling the capture
clocks prevents the ability to retarget the received test patterns
at one set of input pins of the SoC by simply fanning out the
test patterns to all cores. That is, each core requires different
test pattern data to be loaded into each core’s capture clock
control chain. This increases cost and complexity of the SoC
and of scan pattern generation. Therefore, a need exists for
improved scan testing which reduces IR drop due to the
capture clocks.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and
is not limited by the accompanying figures, in which like
references indicate similar elements. Elements in the figures
are illustrated for simplicity and clarity and have not neces-
sarily been drawn to scale.

FIG. 1, in block diagram form, an SoC in accordance with
an embodiment of the present invention.

FIG. 2 illustrates, in schematic form, a core clock control-
ler of a core of the SoC in accordance with one embodiment
of the present invention.

FIG. 3 illustrates, in timing diagram form, values of various
signals of the SoC of FIG. 1 in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION

Reuse of scan patterns for capture clock generation in an
SoC during scan testing allows for reduced complexity. How-
ever, when the capture clocks of the scan chains of different
cores in an SoC are controlled with the same clock pattern,
potential IR drop issues may occur. In one embodiment, a
clock controller in each core of the SoC receives the same
clock pattern from the SoC test controller for scan testing. The
clock controller may be programmably configured to intro-
duce a delay into the capture clocks in which each core’s
clock controller introduces a different delay into the capture
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clocks. In this manner, alignment of the capture clocks across
cores during scan testing can be prevented.

FIG. 1 illustrates an SoC 10 having an SoC test controller
12, a clock generator 16, and cores 18, 20, and 22. SoC
controller 12 is coupled to each of cores 18, 20, and 22,
includes delay storage circuitry 14, and receives delay values
and test patterns from an external tester and provides test
outputs to the external tester. SoC test controller 12 provides
a scan mode indicator to each core, which, when asserted,
indicates that SoC 10 is in scan test mode for performing scan
testing, and when negated, indicates that SoC 10 is operating
in normal mode (non-scan test mode). SoC controller 12 also
provides a scan in test pattern to each core, a scan enable (SE)
indicator to each core, a shift clock to each core, and a capture
clock start indicator. SoC test controller 12 provides delay
value 1 to core 18, delay value 2 to core 20, and delay value 3
to core 22. SoC test controller receives scan out data 1 from
core 18, scan out data 2 from core 20, and scan data out 3 from
core 22. Clock generator 16 provides a functional clock (func
clk) to each core.

Although only three cores are illustrated, SoC 10 may have
any number of cores. Also, SoC 10 may include any other
modules which may or may not include scan chains for scan
testing.

In operation, SoC 10 can operate in normal mode or scan
mode. When scan mode is not asserted, SoC 10 operates in
normal mode, in which each of clock generator 16, and cores
18, 20, and 22, operate normally. During normal mode, cores
18, 20, and 22 operate in accordance with func clk. During
scan mode, SoC test controller 12 communicates with each
core to perform scan testing of the cores. For example, SoC
test controller 12 provides scan in test patterns to each core,
based on ATPG patterns received from an external tester, and,
in response, receives scan out data which may then be pro-
vided as test output to the external tester. The external tester
generates the ATPG patterns for scan testing SoC 10, and
compares the received test output to expected test results to
determine whether SoC 10 passes or fails the scan testing.
SoC test controller also includes delay storage circuitry 14
which stores delay values provided from the external tester.
These delay values are provided to each of cores 18, 20, and
22 as delay value 1, delay value 2, and delay value 3, respec-
tively.

Core 18 includes a core clock controller 24 and logic under
test (LUT) 26. Core clock control 24 receives func clk, the
scan mode indicator, the SE indicator, the capture clock start
indicator, delay value 1, and the shift clk. Core clock control
24 also receives the clock pattern which is provided by SoC
test controller 12 as part of the scan in test patterns. Core clock
control 24 provides a core clock (core clk) to LUT 26. LUT 26
includes a portion of logic within core 18 which is scan tested
using the scan in test patterns and provides scan out data 1
which is returned to SoC test controller 12. LUT 26 may
include any portion of core 18. LUT 26 includes a number of
flip flops, such as flip flops 28 and 32, which are configured to
operate as normal flip flops during normal mode (non-scan
test mode) and as a scan chain during scan test mode (when
scan mode is asserted). Each flip flop receives a data input, D,
from a cone of logic coupled to the data input and provides a
data output, Q, as an input into a cone of logic coupled to the
data output. Also, each flip flop receives core clk at a clock
input. Each flip flop also receives a scan input Si, and scan
enable SE input.

For example, referring to LUT 26 in FIG. 1, a portion of a
scan chain is illustrated which includes flip flops 28 and 32
and cone of logic 30. The D input of flip flop 32 is coupled to
an output of cone of logic 30. Cone of logic 30 may include
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any number of logic gates to perform any type of function.
Cone of logic 30 also receives an input from the Q output of
flop flip 28, and may also receive inputs from the Q outputs of
other flip flops. The Q output of flip flop 28 is also coupled to
the Si input of flip flop 32. The Q output of flip flop 32 may be
provided as an input to a subsequent cone of logic and to an Si
input of a subsequent flip flop of the scan chain. The D input
of flip flop 28 may receive an output of a preceding cone of
logic. Also, other outputs from cone of logic 30 may be
provided to other flip flops. Flip flops 28 and 32 correspond to
a portion of a scan chain within core 18. The scan chain may
include any number of flip flops, in which a beginning flip flop
of'the chain is coupled to receive the scan in test pattern from
SoC test controller 12, and an ending flip flop of the chain is
coupled to provide the scan out data to SoC controller 12.
LUT 26 may include any number of scan chains.

During normal mode, SE is negated and the func clk is
provided as the core clk to the flip flops. With SE negated, the
D input of each flip flop is provided as the Q output of the flip
flop with respect to core clk. Assuming the flip flop is a
positive edge flip flop, the D input is provided as the Q output
at the rising edge of core clk. Therefore, the logic of LUT 26
determines the value of each D input, in which core 18 oper-
ates normally. Also, since func clk is provided as the core clk,
core 18 operates at the speed of the functional clock.

During scan mode, the flip flops are configured to operate
as scan chains so that the logic of LUT 26 can be tested.
During scan mode, SE can be asserted to provide a shift phase
which is used to shift in the scan in test patterns in accordance
with the shift clk. In this case, with each assertion of shift clk,
the Si input is provided as the Q output of the flip flop. In this
manner, scan in test patterns can be shifted into the scan
chains. Also, with each assertion of shift clk, as scan in test
patterns are being shifted in, scan out data is being shifted out
of'the chain. After a scan in test pattern has been shifted in, SE
is negated such that the flip flops are configured as they are
during normal mode and the capture phase can be performed.
During the capture phase, the core clock is run at-speed (at the
speed of the func clk) which causes the logic, such as logic 30,
to transition with each clock transition as the data is captured
in the flip flops. After a particular period of time or clock
cycles of the func clk, SE is again negated such that the flip
flops are again configured as scan chains and the next scan in
test pattern can be shifted in as the just captured test data can
be shifted out. During scan mode, as part of the scan in test
pattern, a clock pattern in provided to core clock control 24.
As the scan in test patterns are scanned into chains of LUT 26,
the clock pattern is scanned into a clock control chain of core
clock control 24. The clock pattern corresponds to the desired
clock pattern of the clock during the capture phase. Therefore,
core clk provided by core clock control 24 appropriately
provides the clock signal to each of the flip flops in LUT 26
which control the flip flops during normal mode and during
scan mode (including providing the appropriate clock signals
during the shift and capture phases). Operation during scan
mode will be described in more detail in reference to FIGS. 2
and 3.

FIG. 2 illustrates, in schematic form, core clock control 24
in further detail, in accordance with one embodiment of the
present invention. Core clock control 24 (also referred to as a
test clock control circuit) includes a clock control chain hav-
ing flip flops 31-38, a multiplexer (MUX) 30, a clock gate 40,
OR gate 42, AND gate 44, flip flops 50, 52, 56, and 58, NAND
gate 48, AND gate 46, and a delay timer 54. A first data input
of MUX 30 is coupled to receive shift clk, a second data input
of MUX 30 is coupled to receive func clk, and a control input
of MUX 30 is coupled to an output of AND gate 46. An output
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of MUX 30 is coupled to clock inputs of each of flip flops
31-38 and clock gate 40. A D input of flip flop 31 is coupled
to receive a clock pattern, and a Q output of flip flop 31 is
coupled to a D input of flip flop 32. Each of the D inputs of flip
flops 32-38 are coupled to the Q outputs of flip flops 31-37,
respectively, so as to form a clock control chain which oper-
ates as a shift register. Therefore, when the clock inputs of flip
flops 31-38 receive a rising edge, the values in flip flops 31-38
are shifted one bit to the right. A Q output of flip flop 38 is
coupled to an enable input, EN, of clock gate 40. Clock gate
40 provides core clock at its output. A first input of AND gate
44 is coupled to receive the scan mode signal and a second
input of AND gate 44 is coupled to receive SE. A first input of
OR gate 42 is coupled to receive an output of AND gate 44,
and a second input of OR gate 42 is coupled to receive an
inverted version of the scan mode signal. An output of OR
gate 42 is coupled to the scan enable input, SEN. When SEN
is asserted, clock gate 40 does not gate the clock such that the
input clock signal to clock gate 40 is provided at the output as
core clk. When SEN is negated, clock gate 40 gates the input
clock signal in accordance with the input received at EN, such
that when EN is asserted, the input clock signal is provided as
core clk and when EN is negated, core clk is provided as a
logic level low.

A first input of AND gate 46 is coupled to receive the scan
mode signal. A Q output of flip flop 52 is coupled to provide
synced SE signal to a second input of AND gate 46. When in
scan mode (in which the scan mode signal is asserted), AND
gate 46 provides synced SE to the control input of MUX 30.
When the control input of MUX 30 is asserted, shift clk is
provided at the output of MUX 30 and when negated, func clk
is provided at the output of MUX 30. Therefore, during func-
tional mode (in which the scan mode signal is negated), the
output of AND gate 46 is negated and func clk is provided at
the output of MUX 30. A Q output of flip flop 50 is coupled to
a D input of flip flop 52, and a D input of flip flop 50 is coupled
to an output of NAND gate 48. The clock inputs of flip flops
50 and 52 are coupled to receive inverted versions of func clk.
A first input of NAND gate 48 is coupled to receive a capture
clock start signal. A D input of flip flop 56 is coupled to
receive the capture clock start signal, and an output of flip flop
56 is coupled to a D input of flip flop 58. A Q output of flip flop
58 is coupled to an enable input, en, of delay timer 54. Clock
inputs of flip flops 56 and 58 are coupled to receive func clk.
Delay timer 54 is coupled to receive delay value 1 at its load
data input, and func clk at its clock input. An output of delay
timer is coupled to a second input of NAND gate 48. Delay
timer 54 loads delay value 1 as its timer value, and upon
assertion of the enable input, delay timer 54 decrements the
timer value with each pulse of func clk. Upon the timer value
reaching 0, delay timer 54 asserts its output. Delay timer 54,
flip flops 50, 52, 56, and 58, and NAND gate 48 may be
referred to as a clock delay unit 45.

In operation during functional mode (in which the scan
mode signal is negated), the output of OR gate 42 is a logic
level high, thus asserting the SEN input. This prevents clock
gate 40 from gating its clock such that the clock received at
the clock input is provided as core clk. When the scan mode
signal is negated, MUX 30 selects func clk which is provided
to the clock input of clock gate 40, and therefore, func clk is
provided, ungated, as core clk at the output of clock gate 40.

Operation during scan mode (in which the scan mode sig-
nal is asserted) will be described in combination with FIG. 3
which illustrates various signals of core clock control 24,
including func clk, shift clk, synced SE, and core clk 1. Core
clk 1 refers to the core clock output by core clock control 24
which is included in core 18. (FIG. 3 also includes core clk 2
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and core clk 3 which will be discussed further below and
correspond to the core clocks which are output by the core
clock control circuitry in each of core 20 and core 22 and
which operate analogously to core clock control 24 of core
18.) Referring to FIG. 2, during scan mode, synced SE con-
trols which clk is provided by MUX 30 and SE controls when
clock gate 40 performs clock gating.

In scan test mode, during a shift phase in which SE is
asserted, scan in test patterns received by core 18 from SoC
test controller 12 are shifted into the scan chains of LUT 26.
Included in these scan in test patterns is a clock pattern which
is provided from the scan in test patterns received from SoC
test controller 12 to core clock control 24. The clock pattern is
shifted into the clock control chain which includes flip flops
31-38. The shifting of the test patterns into the scan chain and
clock control chain (and the shifting out of the output test data
from the scan chains) is controlled by shift clk. Note that shift
clk may operate at a slower frequency than func clk. Referring
to FIG. 2, during the shift phase, the capture clock start signal
is negated. Therefore, the output of NAND gate 48 is a logic
level 1. This logic level 1 is provided through flip flops 50 and
52 which synchronize the output of NAND gate 48 to the func
clk. In the illustrated embodiment, flip flops 50 and 52 are
negative edge triggered clocks, therefore, synced SE at the Q
output of flip flop 52 matches the D input of flip flop 50 at least
by the second falling edge of func clk following a transition of
the D input of flip flop 50. With synced SE asserted, MUX 30
provides shift clk at its output in which shift clk is provided to
the clock inputs of flip flops 31-38 to shift in the clock pattern,
and shift clk is provided as core clk at the output of clock gate
40. Note that with SE asserted (corresponding to the shift
phase), SEN is asserted and thus shift clk is provided as core
clk without being gated. This core clk is provided to all the
scan chains of LUT 26 to shift in the scan in test patterns
(while shifting out the previously captured output test data).

Upon completion of the shift phase, SoC test controller 12
begins the capture phase by negating SE. During the capture
phase, SoC test controller 12 turns shift clk off (setting it to a
logic level low). Also, at some point prior to beginning the
capture phase or at the beginning of the capture phase, delay
value 1 is loaded into delay timer 54 as a start value for timer
54. Therefore, referring to FIG. 3, upon SE being negated at
time t1, shift clk remains at a logic level low. During the
capture phase, the scan chains of LUT 26 are configured (by
their SE inputs) to operate as they would in functional mode.
Core clk provided by clock gate 40 to the scan chains corre-
sponds to func clk as gated by the clock pattern stored in flip
flops 31-38. Core clk provided by clock gate 40 during the
capture phase may be referred to as the capture clock. In the
capture phase, SoC test controller 12 asserts the capture clock
start to initiate the count down of delay timer 54 from the start
value of delay value 1. Assertion of the capture clock start
signal propagates through flip flops 56 and 58 such that
enabling of delay timer 54 is synchronized with func clk.
With capture clock start asserted, the output of NAND gate 48
will be negated when delay timer 54 reaches 0. Therefore, at
a delay of delay value 1 after assertion of the capture clock
start (and after two falling edges of func clk due to the syn-
chronization provided by flip flops 50 and 52), synced SE is
negated which results in func clk being provided by MUX 30.

With each pulse of the func clk provided by MUX 30, a
next clock pattern bit is right shifted by flip flops 31-38 such
that a next bit of the clock pattern is provided to the EN input
of clock gate 40. If EN is negated (a logic level 0), the core
clock is output as a logic level 0, regardless of the value of
func clk at the clock input of clock gate 40. If EN is asserted
(alogic level 1), the core clock is output to match the value of
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func clk at the clock input. Therefore, each time a value of 0
of the clock pattern is shifted from flip flop 38 to the EN
output, the func clk at the clock input of clock gate 40 is gated
resulting in a logic level low at the core clock output for that
clock cycle of func clk. Core clk provided by clock gate 40 as
controlled by the clock pattern shifted through flip flops
31-38 during the capture phase may be referred to as the
functional clock signal pulses. Note that, during the capture
phase, prior to synced SE being negated, the shift clk is still
provided by MUX 30. However, since the shift clk is off
during the capture phase, flip flops 31-38 are not affected
prior to synced SE being negated.

In the example of FIG. 3, it is assumed that delay value 1
(which is loaded into delay timer 54) is 0 such that, upon
deassertion of SE and assertion of capture clock start at time
t1, the count down value of delay timer 54 is already at 0 and
the output, provided to NAND gate 48, is asserted at a logic
level 1. As can be seen in FIG. 3, time t2 and time t3 corre-
spond to the first two falling edges of func clk as the 0 at the
output of NAND gate 48 is transmitted to the output of flip
flop 52. Therefore, at time t4, synced SE is negated, thus
selecting func clk at MUX 30. For the example of FIG. 3, it is
assumed that the clock pattern which was shifted into flip
flops 31-38 corresponds to 0b00001100, such that, at the end
of'the shift phase, flip flop 38 stores a 0, flip flop 37 stores a 0,
flip flops 36 and 35 each store a 1, and flip flops 31-34 each
store a 0. Therefore, at time t4, for the clock pulse of func clk,
the value provided to the EN input of clock gate 40 is the value
shifted from flip flop 38, which is 0. This results in the core
clock (core clk 1) being output as a O (since it has been gated
by the EN input due to the SEN input of clock gate 40 being
a logic level low). At time t4, note the clock pattern in flip
flops 31-38 have all been right shifted. Therefore, at time t5,
for the clock pulse of func clk, the value provided to the EN
input is the value shifted from flip flop 38 (which was previ-
ously shifted from flip flop 37), which is again 0. Therefore,
core clk 1 is again output as a 0. For the next two clock cycles
of func clk after t5, the values shifted from flip flop 38 to the
EN input of clock gate 40 are 1, therefore, for these next two
clock cycles, the func clk at the clock input is provided as the
core clock. Therefore, as seen in FIG. 3, core clk 1 toggles
high and then low for each of these two cycles. The remaining
clock pattern to be shifted through flip flop 38 includes four
0’s, resulting in the core clock being gated to a logic level O for
these cycles. During the capture phase, the functional clock
pulses of core clk 1 as determined by the clock pattern allow
LUT 26 to operate as it would in functional mode. After the
capture phase is complete, such as after a predetermined
amount of time, SoC test controller 12 asserts SE such that
new scan in patterns can be shifted in and the captured test
values can be scanned out.

Since delay value 1 loaded as the start value into delay
timer 54 is 0 for core clk 1, the delay between asserting the
capture clock start signal and core clk 1 being determined by
the clock pattern in flip flops 31-38 is the delay provided by
flip flops 50 and 52 without any additional delay provided by
delay timer 54. (Although, note that in alternate embodi-
ments, there may be one or more clock cycle delays intro-
duced by additional gating which may be present, such as
additional gating on the output of delay timer 54 to ensure that
assertion of the delay timer output occurs with proper timing
with respect to the capture clock start signal.) However, by
setting delay value 1 to different values (greater than 0),
additional delay can be added between assertion of the cap-
ture clock start signal and negation of synced SE by delay
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timer 54. Upon the negation of synced SE, the values of flip
flops 31-38 are provided to EN of clock gate 40 in response to
func clk to generate core clk.

Referring to FIG. 3, the delay timers in each of core 20 and
core 22 are set to different start values provided by SoC test
controller 12 as delay value 2 and delay value 3, respectively.
In each of core 20 and 22, a core clock control analogous to
core clock control 24 is used to provide core clk 2 and core clk
3, respectively. Referring first to core clk 2, delay value 2 is
loaded as the start time into the delay timer. At time t5 (de-
layed from assertion of the capture clock start signal which
begins count down of delay timer 54), the delay timer com-
pletes the count down from delay value 2, at which point the
output of delay timer 54 is asserted. This results in the output
of'the NAND gate analogous to NAND gate 48 to be negated,
and synced SE within the core clock control of core 20 is
negated after two subsequent falling clock cycles of func clk.
Therefore, at time t6, the clock pattern in the clock control
chain (analogous to flip flops 31-38) is used to selectively gate
func clk and produce functional cycles of core clk 2 for the
capture phase, as illustrated in FIG. 3. Time t6 includes the
delay provided by synchronization flip flops (analogous to
flips flops 50 and 52) in addition to the delay provided by the
delay timer (analogous to delay timer 54). Referring next to
core clk 3, delay value 3 is loaded as the start time into delay
timer 54. At time t7 (delayed from assertion of the capture
clock start signal), delay timer 54 completes the count down
from delay value 3, at which point the output of delay timer 54
is asserted. This results in synced SE being negated after two
falling clock cycles of func clk such that at time t8, the clock
pattern in the clock control chain is used to selectively gate
func clk to produce functional cycles of core clk 3 during the
capture phase, as illustrated in FIG. 3.

During scan testing, SoC test controller 12 may perform
scan testing of cores 18, 20, and 22 in parallel. For example,
the same SE signal and capture clock start signal is provided
to all cores to control the shift and capture phases. Therefore,
the shift and capture phases occur in parallel with control of
the SE and capture clock start signals. As seen in FIG. 3, each
core clock (core clk 1, core clk 2, and core clk 3) result in a
same pattern of functional pulses during the capture phase but
staggered in alignment from each other since delay value 1,
delay value 2, and delay value 3 are different values. Even
though the resulting core clocks used during the capture
phase of scan testing are staggered from each other, note that
SoC test controller 12 provides the same scan in test patterns,
including the same clock pattern, to each of the cores (cores
18, 20, and 22). Therefore, by SoC test controller 12 provid-
ing different delay values to each core for the delay timer of
the core clock control, the core clocks can be staggered across
cores during the capture phase, thus reducing potential IR
issues, without needing to provide different clock patterns to
each core of the SoC.

Note that in alternate embodiments, different delay cir-
cuitry may be used to implement the clock delay unit (such as
clock delay unit 45) to provide the desired delay. For example,
delay timer 54 can be implemented as a counter or other type
of circuitry used to provide a programmable delay based on a
delay value provided by SoC test controller 12. Also, different
types of synchronization circuitry may be used in place of flip
flops 50, 52, 56, and 58. The clock control chain including flip
flops 31-38 may be of any length to accommodate any length
clock pattern, and other types of control circuitry may be used
to control the control input of MUX 30 and the SEN input of
clock gate 40 while still achieving the same functionality.

As illustrated in FIG. 1, each core includes logic under test
on which the scan testing is performed. However, the logic
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under test (also referred to as test circuits) may be a part of any
type of circuitry being tested. Cores of an SoC are only one
example of test circuits.

Therefore, by now it can be appreciated how an SoC test
controller can maintain scan testing efficiency by providing a
same set of scan in patterns, including clock patterns, to
different cores or test circuits of an SoC while reducing IR
issues by providing different delay values to each core. The
use of the delay timer within the core clock control of each
core to provide programmable delays based on the delay
values provided by the SoC controller allows for the stagger-
ing of clock patterns across the different cores.

As used herein, the term “bus” is used to refer to a plurality
of'signals or conductors which may be used to transfer one or
more various types of information, such as data, addresses,
control, or status. The conductors as discussed herein may be
illustrated or described in reference to being a single conduc-
tor, a plurality of conductors, unidirectional conductors, or
bidirectional conductors. However, different embodiments
may vary the implementation of the conductors. For example,
separate unidirectional conductors may be used rather than
bidirectional conductors and vice versa. Also, plurality of
conductors may be replaced with a single conductor that
transfers multiple signals serially or in a time multiplexed
manner. Likewise, single conductors carrying multiple sig-
nals may be separated out into various different conductors
carrying subsets of these signals. Therefore, many options
exist for transferring signals.

The terms “assert” or “set” and “negate” (or “deassert” or
“clear”) are used herein when referring to the rendering of a
signal, status bit, or similar apparatus into its logically true or
logically false state, respectively. If the logically true state is
alogic level one, the logically false state is a logic level zero.
And ifthelogically true state is a logic level zero, the logically
false state is a logic level one.

Each signal described herein may be designed as positive
or negative logic, where negative logic can be indicated by a
bar over the signal name or an asterix (*) following the name.
In the case of a negative logic signal, the signal is active low
where the logically true state corresponds to a logic level zero.
In the case of a positive logic signal, the signal is active high
where the logically true state corresponds to a logic level one.
Note that any of the signals described herein can be designed
as either negative or positive logic signals. Therefore, in alter-
nate embodiments, those signals described as positive logic
signals may be implemented as negative logic signals, and
those signals described as negative logic signals may be
implemented as positive logic signals.

The symbol “%” or “Ob” preceding a number indicates that
the number is represented in its binary or base two form.

Because the apparatus implementing the present invention
is, for the most part, composed of electronic components and
circuits known to those skilled in the art, circuit details will
not be explained in any greater extent than that considered
necessary as illustrated above, for the understanding and
appreciation of the underlying concepts of the present inven-
tion and in order not to obfuscate or distract from the teach-
ings of the present invention.

Some of the above embodiments, as applicable, may be
implemented using a variety of different information process-
ing systems. For example, although FIG. 1 and the discussion
thereof describe an exemplary information processing archi-
tecture, this exemplary architecture is presented merely to
provide a useful reference in discussing various aspects of the
invention. Of course, the description of the architecture has
been simplified for purposes of discussion, and it is just one of
many different types of appropriate architectures that may be
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used in accordance with the invention. Those skilled in the art
will recognize that the boundaries between logic blocks are
merely illustrative and that alternative embodiments may
merge logic blocks or circuit elements or impose an alternate
decomposition of functionality upon various logic blocks or
circuit elements. Also, in one embodiment, the illustrated
elements of system 10 are circuitry located on a single inte-
grated circuit or within a same device.

Those skilled in the art will recognize that boundaries
between the functionality of the above described operations
merely illustrative. The functionality of multiple operations
may be combined into a single operation, and/or the function-
ality of a single operation may be distributed in additional
operations. Moreover, alternative embodiments may include
multiple instances of a particular operation, and the order of
operations may be altered in various other embodiments.

Although the invention is described herein with reference
to specific embodiments, various modifications and changes
can be made without departing from the scope of the present
invention as set forth in the claims below. For example, rather
than a count down timer for delay timer 54, a counter which
counts up from one value to another may be used to provide
the desired delay. Accordingly, the specification and figures
are to be regarded in an illustrative rather than a restrictive
sense, and all such modifications are intended to be included
within the scope of the present invention. Any benefits,
advantages, or solutions to problems that are described herein
with regard to specific embodiments are not intended to be
construed as a critical, required, or essential feature or ele-
ment of any or all the claims.

The term “coupled,” as used herein, is not intended to be
limited to a direct coupling or a mechanical coupling.
Furthermore, the terms “a” or “an,” as used herein, are
defined as one or more than one. Also, the use of introductory
phrases such as “at least one” and “one or more” in the claims
should not be construed to imply that the introduction of
another claim element by the indefinite articles “a” or “an”
limits any particular claim containing such introduced claim
element to inventions containing only one such element, even
when the same claim includes the introductory phrases “one
ormore” or “at least one” and indefinite articles such as “a” or
“an.” The same holds true for the use of definite articles.

Unless stated otherwise, terms such as “first” and “second”
are used to arbitrarily distinguish between the elements such
terms describe. Thus, these terms are not necessarily intended
to indicate temporal or other prioritization of such elements.

The following are various embodiments of the present
invention.

In one embodiment, a system on chip (SOC) test system
includes a first test circuit comprising a first test clock control
(TCC) circuit; and a second test circuit including a second
TCC circuit. The first and second test circuits are configured
to receive a first test pattern and a functional clock signal. The
first TCC circuit is configured to generate a first capture clock
signal that comprises a set of functional clock signal pulses
generated according to a first clock pattern of the first test
pattern, and the second TCC circuit is configured to generate
a second capture clock signal that includes the set of func-
tional clock signal pulses generated according to the first
clock pattern. The set of functional clock signal pulses of the
second capture clock signal are staggered in time from the set
of functional clock signal pulses of the first capture clock
signal. In one aspect, the first TCC circuit is configured to
receive a first delay value indicating a first delay period, the
second TCC circuit is configured to receive a second delay
value indicating a second delay period, the second delay
period is not equal to the first delay period, the first TCC
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circuit is configured to output the set of functional clock
signal pulses subsequent to the first delay period, and the
second TCC circuit is configured to output the set of func-
tional clock signal pulses subsequent to the second delay
period. In a further aspect, the first and second capture clock
signals are generated in parallel during a capture phase, and
the first and second delay periods are measured from an initial
start point of the capture phase. In an even further aspect, the
firsttest circuit comprises a first logic under test (LUT) circuit
and the second test circuit comprises a second LUT circuit,
the first and second LUT circuits are configured to respec-
tively receive the first and second capture clock signals, and
the first and second test circuits are configured to respectively
test the first and second LUT circuits in parallel during the
capture phase. In another aspect of the above embodiment,
the first TCC circuit includes a first shift register, the second
TCC circuit includes a second shift register, the first and
second TCC circuits are configured to respectively load the
first clock pattern into the first and second shift registers, and
the first clock pattern is respectively loaded in parallel during
a shift-in phase. In a further aspect, the first and second TCC
circuits are configured to respectively load a second clock
pattern in parallel during a second shift-in phase, and the
second clock pattern is one of a different clock pattern or a
same clock pattern as the first clock pattern. In yet another
aspect of the above embodiment, the first and second TCC
circuits are configured to respectively generate a first shift
clock signal and a second shift clock signal, the first and
second shift clock signals are generated in parallel during a
shift-in phase, and the first and second test circuits are con-
figured to respectively load the first test pattern into a first set
of'scan registers and a second set of scan registers during the
shift-in phase. In a further aspect, the first and second shift
clock signals are further generated in parallel during a shift-
out phase, and the first and second test circuits are configured
to respectively unload first and second results of the first test
pattern during the shift-out phase. In yet a further aspect, the
first and second test circuits are configured to respectively
load a second test pattern in parallel during a second shift-in
phase, and the second shift-in phase occurs simultaneously
with the shift-out phase. In yet another aspect of the above
embodiment, the SoC test system further includes a system on
chip (SOC) test controller coupled to the first and second test
circuits, the SOC test controller configured to provide the first
test pattern to the first and second test circuits and receive
results of the first test pattern. In yet another aspect of the
above embodiment, the SOC test controller system further
includes a third test circuit including a third test clock control
(TCC) circuit, the third test circuit configured to receive the
first test pattern and the functional clock signal, and the third
TCC circuit is configured to generate a third capture clock
signal, wherein the third capture clock signal comprises the
set of functional clock signal pulses generated according to
the first clock pattern, and the set of functional clock signal
pulses of the third capture clock signal are staggered in time
from the set of functional clock signal pulses of the first and
second capture clock signals.

In another embodiment, a method includes receiving, by a
first test circuit and a second test circuit, a first test pattern and
a functional clock signal; generating, by a first test clock
control (TCC) circuit of the first test circuit, a first capture
clock signal, wherein the first capture clock signal includes a
set of functional clock signal pulses generated according to a
first clock pattern of the first test pattern; and generating, by a
second TCC circuit of the second test circuit, a second capture
clock signal, wherein the second capture clock signal
includes the set of functional clock signal pulses generated
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according to the first clock pattern, and the set of functional
clock signal pulses of the second capture clock signal are
staggered in time from the set of functional clock signal
pulses of the first capture clock signal. In one aspect, the
method further includes receiving, by the first TCC circuit, a
first delay value indicating a first delay period; receiving, by
the second TCC circuit, a second delay value indicating a
second delay period, wherein the second delay period is not
equal to the first delay period; outputting, by the first TCC
circuit, the set of functional clock signal pulses subsequent to
the first delay period; and outputting, by the second TCC
circuit, the set of functional clock signal pulses subsequent to
the second delay period. In a further aspect, the first and
second capture clock signals are generated in parallel during
a capture phase, and the first and second delay periods are
measured from an initial start point of the capture phase. In
yet a further aspect, the method further includes testing a first
logic under test (LUT) circuit during the capture phase,
wherein the testing the first LUT circuit is performed by the
first test circuit; and testing a second LUT circuit during the
capture phase, wherein the testing the second LUT circuit is
performed by the second test circuit, the first and second LUT
circuits are configured to respectively receive the first and
second capture clock signals, and the testing the first and
second LUT circuits is performed in parallel during the cap-
ture phase. In another aspect, the method further includes
loading, by the first TCC circuit, the first clock pattern into a
first shift register of the first TCC circuit; and loading, by the
second TCC circuit, the first clock pattern into a second shift
register of the second TCC circuit, wherein the first clock
pattern is respectively loaded in parallel during a shift-in
phase. In a further aspect, the method further includes load-
ing, by the first and second TCC circuits, a second clock
pattern in parallel during a second shift-in phase, wherein the
second clock pattern is one of a different clock pattern or a
same clock pattern as the first clock pattern. In another aspect,
the method further includes generating, by the first and sec-
ond TCC circuits, a first shift clock signal and a second shift
clock signal, respectively, wherein the first and second shift
clock signals are generated in parallel during a shift-in phase;
and loading, by the first and second test circuits, the first test
pattern into a first set of scan registers and a second set of scan
registers, respectively, during the shift-in phase. In a further
aspect, the method further includes generating, by the first
and second TCC circuits, the first and second shift clock
signals, respectively, in parallel during a shift-out phase; and
unloading, by the first and second test circuits, first and sec-
ond results of the first test pattern, respectively, during the
shift-out phase. In yet a further aspect, the method further
includes loading, by the first and second test circuits, a second
test pattern in parallel during a second shift-in phase, wherein
the second shift-in phase occurs simultaneously with the
shift-out phase.

What is claimed is:
1. A system on chip (SOC) test system comprising:
afirsttest circuit comprising a first test clock control (TCC)
circuit; and
a second test circuit comprising a second TCC circuit,
wherein
the first and second test circuits are configured to receive
a first test pattern and a functional clock signal,
the first TCC circuit is configured to
generate a first capture clock signal that comprises a
set of functional clock signal pulses generated
according to a first clock pattern of the first test
pattern, and
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the second TCC circuit is configured to
generate a second capture clock signal that comprises
the set of functional clock signal pulses generated
according to the first clock pattern, wherein
the set of functional clock signal pulses of the sec-
ond capture clock signal are staggered in time
from the set of functional clock signal pulses of
the first capture clock signal.
2. The SOC test system of claim 1, wherein
the first TCC circuit is configured to receive a first delay
value indicating a first delay period,
the second TCC circuit is configured to receive a second
delay value indicating a second delay period,
the second delay period is not equal to the first delay
period,
the first TCC circuit is configured to output the set of
functional clock signal pulses subsequent to the first
delay period, and
the second TCC circuit is configured to output the set of
functional clock signal pulses subsequent to the second
delay period.
3. The SOC test system of claim 2, wherein
the first and second capture clock signals are generated in
parallel during a capture phase, and
the first and second delay periods are measured from an
initial start point of the capture phase.
4. The SOC test system of claim 3, wherein
the first test circuit comprises a first logic under test (LUT)
circuit and the second test circuit comprises a second
LUT circuit,
the first and second LUT circuits are configured to respec-
tively receive the first and second capture clock signals,
and
the first and second test circuits are configured to respec-
tively test the first and second LUT circuits in parallel
during the capture phase.
5. The SOC test system of claim 1, wherein
the first TCC circuit comprises a first shift register,
the second TCC circuit comprises a second shift register,
the first and second TCC circuits are configured to respec-
tively load the first clock pattern into the first and second
shift registers, and
the first clock pattern is respectively loaded in parallel
during a shift-in phase.
6. The SOC test system of claim 5, wherein
the first and second TCC circuits are configured to respec-
tively load a second clock pattern in parallel during a
second shift-in phase, and
the second clock pattern is one of a different clock pattern
or a same clock pattern as the first clock pattern.
7. The SOC test system of claim 1, wherein
the first and second TCC circuits are configured to respec-
tively generate a first shift clock signal and a second shift
clock signal,
the first and second shift clock signals are generated in
parallel during a shift-in phase, and
the first and second test circuits are configured to respec-
tively load the first test pattern into a first set of scan
registers and a second set of scan registers during the
shift-in phase.
8. The SOC test system of claim 7, wherein
the first and second shift clock signals are further generated
in parallel during a shift-out phase, and
the first and second test circuits are configured to respec-
tively unload first and second results of the first test
pattern during the shift-out phase.
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9. The SOC test system of claim 8, wherein
the first and second test circuits are configured to respec-
tively load a second test pattern in parallel during a
second shift-in phase, and
the second shift-in phase occurs simultaneously with the
shift-out phase.
10. The SOC test system of claim 1, further comprising:
a system on chip (SOC) test controller coupled to the first
and second test circuits, the SOC test controller config-
ured to provide the first test pattern to the first and second
test circuits and receive results of the first test pattern.
11. The SOC test system of claim 1, further comprising:
a third test circuit comprising a third test clock control
(TCC) circuit,
the third test circuit configured to receive the first test
pattern and the functional clock signal, and
the third TCC circuit is configured to
generate a third capture clock signal, wherein
the third capture clock signal comprises the set of
functional clock signal pulses generated accord-
ing to the first clock pattern, and
the set of functional clock signal pulses of the third
capture clock signal are staggered in time from
the set of functional clock signal pulses of the
first and second capture clock signals.
12. A method comprising:
receiving, by a first test circuit and a second test circuit, a
first test pattern and a functional clock signal;
generating, by a first test clock control (TCC) circuit of the
first test circuit, a first capture clock signal, wherein
the first capture clock signal comprises a set of func-
tional clock signal pulses generated according to a
first clock pattern of the first test pattern; and
generating, by a second TCC circuit of the second test
circuit, a second capture clock signal, wherein
the second capture clock signal comprises the set of
functional clock signal pulses generated according to
the first clock pattern, and
the set of functional clock signal pulses of the second
capture clock signal are staggered in time from the set
of functional clock signal pulses of the first capture
clock signal.
13. The method of claim 12, further comprising:
receiving, by the first TCC circuit, a first delay value indi-
cating a first delay period;
receiving, by the second TCC circuit, a second delay value
indicating a second delay period, wherein
the second delay period is not equal to the first delay
period;
outputting, by the first TCC circuit, the set of functional
clock signal pulses subsequent to the first delay period;
and
outputting, by the second TCC circuit, the set of functional
clock signal pulses subsequent to the second delay
period.
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14. The method of claim 13, wherein
the first and second capture clock signals are generated in
parallel during a capture phase, and
the first and second delay periods are measured from an
initial start point of the capture phase.
15. The method of claim 14, further comprising:
testing a first logic under test (LUT) circuit during the
capture phase, wherein the testing the first LUT circuit is
performed by the first test circuit; and
testing a second LUT circuit during the capture phase,
wherein
the testing the second LUT circuit is performed by the
second test circuit,
the first and second LUT circuits are configured to
respectively receive the first and second capture clock
signals, and
the testing the first and second LUT circuits is performed
in parallel during the capture phase.
16. The method of claim 12, further comprising:
loading, by the first TCC circuit, the first clock pattern into
a first shift register of the first TCC circuit; and
loading, by the second TCC circuit, the first clock pattern
into a second shift register of the second TCC circuit,
wherein
the first clock pattern is respectively loaded in parallel
during a shift-in phase.
17. The method of claim 16, further comprising:
loading, by the first and second TCC circuits, a second
clock pattern in parallel during a second shift-in phase,
wherein
the second clock pattern is one of a different clock pat-
tern or a same clock pattern as the first clock pattern.
18. The method of claim 12, further comprising:
generating, by the first and second TCC circuits, a first shift
clock signal and a second shift clock signal, respectively,
wherein
the first and second shift clock signals are generated in
parallel during a shift-in phase; and
loading, by the first and second test circuits, the first test
pattern into a first set of scan registers and a second set of
scan registers, respectively, during the shift-in phase.
19. The method of claim 18, further comprising:
generating, by the first and second TCC circuits, the first
and second shift clock signals, respectively, in parallel
during a shift-out phase; and
unloading, by the first and second test circuits, first and
second results of the first test pattern, respectively, dur-
ing the shift-out phase.
20. The method of claim 19, further comprising:
loading, by the first and second test circuits, a second test
pattern in parallel during a second shift-in phase,
wherein
the second shift-in phase occurs simultaneously with the
shift-out phase.



